Gardens near the lead and zinc smelter plant "Zletovo" in the town of Veles, Republic of Macedonia, are the main suppliers with vegetables and fruits for the residents of this town. This area, was exposed thirty years to high environmental contamination with heavy metals (Cd, Pb and Zn). The smelter plant was a major source of heavy metals pollution in the environment, including the garden soils used for the production of vegetables and fruits. The aim of this study is to determine the level of contamination (especially with Cd, Pb and Zn) in green garlic (Allium sativum) and green onion (Allium scallion) produced on the contaminated soil and to determine its level of accumulation in the plants. The contents of 21 elements (Ag, Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P, Pb, Sr, V and Zn) in the vegetables and corresponding soils were analyzed by inductively coupled plasma -atomic emission spectrometry (ICP-AES) after microwave digestion. It was found that the contents of Cd, Pb and Zn in the vegetables from all of the four studied gardens is over the maximum permissible level according to the Macedonian regulations. The content of Cd in washed green garlic samples ranges from 0.60 to 2.70 mg kg -1 , for Pb from 4.30 to 6.14 mg kg -1 and for Zn from 11.7 to 29.9 mg kg -1 , while their contents in the washed green onion samples ranges from 0.77 to 2.66 mg kg -1 for Cd, from 3.98 to 5.35 mg kg -1 for Pb and from 21.2 to 38.0 mg kg -1 for Zn.
INTRODUCTION
The accumulation of heavy metals through the food chain, especially of Pb, Zn, Cd in soils and vegetables, may affect to the human health [1, 2] . Soil quality is one of the most important factors in sustaining the global biosphere. Heavy metals from polluted soils and water may accumulate in vegetables and thereby into enter to the human food chain [3] [4] [5] [6] [7] .
Industrial activities and smelting operations from the smelter plant for lead and zinc "Zletovo" in Veles, Republic of Macedonia, is a major source of environmental pollution with heavy metals in the town and its environment [8] [9] [10] . This factory started to work officially in 1971 and was active until 2002. The pollution of the soil in the town of Veles and its environs was significantly increased as a result of 30 years of production from the smelter plant [11] [12] [13] . These polluted soils with heavy metals are still being used for production of food, mainly vegetables and fruits which can be a potential risk that affects the health of the population [14, 15] . The studies of this region show high contamination of topsoil especially with Cd, Pb, Zn, In, Hg, As and Sb, as a result of the pollution from the smelter plant [16] [17] [18] .
The purpose of the present study is to determine the distribution of heavy metals in soils and vegetables (green onion and green garlic) produced in four gardens located in the vicinity of Pb-Zn smelter plant and to assess the level of accumulation of various elements. In order to explore the mobility and potential bioavailability of heavy metals, garden soils were tested using different extraction procedures.
EXPERIMENTAL Study area
The town of Veles is located in the valley of the Vardar river, about 55 km south from the capital city of Skopje. The town Veles, for many of its characteristics and features, is a specific urban and industrial area. Its peculiarities originate both from its geographic location, since it is situated in the central part of Macedonia (Figure 1 ), and the economic and social character of its development. The urban area is located on 160-200 m of altitude, surrounded with hills from both sides of the valley, and with a height difference between 300 and 675 m. In 2002, 55000 inhabitants were registered in the municipality of Veles, while the town's population was 44000. The study area is large 1.5 km (W-E) × 3.5 km (N-S) and is located east from the river of Vardar with 5.25 km 2 cultivable land. Sample collection and pre-treatment
From four different gardens in the area around the smelter plant nearby the town (Figure 2 ) soil samples and vegetables samples of green garlic (Allium sativum) and green onion (Allium scallion) were collected. For elements analysis, only the edible parts of vegetable samples were used. At each study site, soil samples (5-10 replicates) were taken from the rhizosphere of plant specimens. The eventually present organic fraction was excluded. Soil samples were air dried at room temperature about two weeks, and sieved through a 2 mm plastic sieve. The shifted mass was milled in agate mill to analytical grain size below 0.125 mm. The samples were stored in clean and dry plastic bags before the analysis.
Green garlic and green onion samples were chopped in small pieces and dried slowly, not directly to the sun. After drying samples were stored in clean and dry plastic bags before the analysis.
Procedure for digestion of soil and vegetable samples
The soil samples (0.25 g) were placed in a teflon digestion vessel and were digested on the asbestos net at hot plate at 100°C. Digestion was performed in three steps. In the first step, nitric acid was added to remove all organic matter, then a mixture of hydrofluoric acid and perchloric acid was added and in the third step hydrochloric acid (or nitric acid) and water was added to dissolve the residue. This solution was transferred quantitatively to the 25 ml volumetric flask.
The vegetable samples (0.50 g) were placed in a Teflon digestion vessels, 5 ml HNO 3 (69 %, m/V) were added, and the vessels were capped closed, tightened and placed in the microwave digestion system (Mars, CEM, USA). Plant samples were digested at 180 °C for 20 min, and after cooling down digested samples were quantitatively transferred to the 25 ml calibrated flasks.
Soil extractions
Three methods were applied for the investigation of plant-available elements: extraction in 0. The content of mercury in vegetable samples was determined by cold vapour atomic absorption spectrometer (SpectrAA 55B, Varian, USA) using a continuous flow vapour generation accessory (VGA-76, Varian, USA). The optimal instrumental parameters for this technique are given in Table 2 . 
RESULTS AND DISCUSSION
Data from the analysis of 21 elements in the soil samples are presented in Table 3 and the contents of 22 elements in the plant samples (green garlic and onion) are given in Tables 4 and 5 . Values of all elements are given in mg kg -1 .
Heavy metals content in soils
As a result of previous investigations conducted in the town of Veles and its surroundings, a high contamination of the topsoil was verified, especially with heavy metals which were produced from the Pb-Zn smelter plant situated near the town [16, 17] . However, the garden soils from this contaminated area were used for production of various vegetables. For that reason soils and vegetables produced in four different gardens near the smelter plant area ( Figure 2 ) were used to determine the content of heavy metals in the soil and their accumulation in the edible parts of the investigated vegetables.
The pH of the soil samples was around pH 7.5. The heavy metals content in the studied soils resulted with high values for Pb, Zn and Cd. Thus, the content of cadmium in all four garden soils was over the target value of 0.8 mg kg -1 (Table 3 ). In the soil from the garden No. 1 the value for Cd was 6.77 mg kg -1 and in garden No. 3 the value for Cd was 6.64 mg kg -1 which was more than eight times higher than target value. In the garden No. 4 the value for Cd was 7.66 mg kg -1 which was more than nine times higher than target value and close to the intervention value (12 mg kg -1 ). The lowest value 1.39 mg kg -1 for Cd was found in the soil from the garden No. 2 which was almost two times higher than the target values (0.8 mg kg -1 ) for Cd. The results for lead subsequently are: 156 mg kg -1 , 46 mg kg -1 , 122 mg kg -1 and 138 mg kg -1 in investigated garden soils (Table 3) . When we compare the results for Pb (Table 3) with the values from Dutch National Standards for soil (the target value for lead was 85 mg kg -1 and intervention value was 530 mg kg -1 ) it can be found that the content of Pb in three of the four studied garden's soil (Nos. 1, 3 and 4) was over the target value.
The values for Zn in the soils from the gardens Nos. 1, 3 and 4 (231 mg kg -1 , 206 mg kg -1 , 229 mg kg -1 , respectively) were also higher than the target value according to the Dutch standards (140 mg kg -1 ). The content of Zn in the soil from the garden No. 2 was lower (65.3 mg kg -1 ) that the target value.
The content of the other analyzed elements were bellow the limits given in the Dutch list. The exceptions were Ni and Ba which contents in soils from all gardens were over the referent values (35 mg kg -1 and 200 mg kg -1 , respectively). The content of Ba in the soil from the garden No. 2 was even over the intervention value (625 mg kg -1 ). These high values for Ni and Ba (Table 3) resulted from their natural presence in the soil of this region [17, 18] . The content of Cu in the soil from the garden No. 3 which is very close to the smelter plant (Figure 2) , was over the referent value (36 mg kg -1 , Table 3 ), and was a result of the pollution from the smelter plant [16] [17] [18] .
Nutrients needed in large amounts by plants are referred to as macronutrients and include, phosphorus (P), potassium (K), calcium (Ca) and magnesium (Mg). Elements that plants need in trace amounts are called trace nutrients or micronutrients. Trace nutrients are not major components of plant tissue but are essential for growth. It was found that the contents of these elements in the investigated garden soils were in the range of the average of European soil [14] . Thus the content of phosphorous ranged from 344 to 1802 mg kg -1 , of K from 1.27 % to 1.63 %, of Ca from 1,88 % to 4,35 % and of Mg from 0.61 % to 0.94 %. The variation of the content of P depends mainly of the usage of phosphate fertilizers in different gardens while the content of the other macronutrients depends of the lithological background of the soil.
Heavy metals content in vegetables
The accumulation of metals in the edible parts of vegetables could have a direct impact on the health of nearby inhabitants, because vegetables produced from gardens are mostly consumed by the local population. Therefore, the content of metal contaminants in vegetables could be of concern to local residents. Leafy vegetables usually grow quickly and have high transpiration rates. This favors the uptake of metals by roots, and the resulting translocation of metals from roots to overground tissues. In addition, their broad leaves make these plants more susceptible to physical contamination by dust from soil and the splashing of rainwater [19] .
The contents of Cd, Pb, Zn and other analyzed elements in the edible part of green garlic and green onion in washed and unwashed samples (expressed as content in dry samples), are given in Table 4 and Table 5 (for calculated fresh samples). The most important part of this study is to follow the contents of Cd, Pb and Zn in the vegetables. Their contents in both unwashed and washed green garlic and green onion were found to be very high. Thus, the content of Cd in the unwashed green garlic samples was in the range from 0.71 to 1.49 mg kg -1 , for Pb from 5.52 to 6.14 mg kg -1 and for Zn in the range from 12.9 to 37.2 mg kg -1 (expressed for dry samples) (Table 4, Figure 3) . Comparing with the maximal permitted levels for Cd (0.3 mg kg -1 in dry samples and 0.05 mg kg -1 in fresh samples) and Pb (3 mg kg -1 in dry samples and 0.1 mg kg -1 in fresh samples) [20] it can be seen that the contents of Cd and Pb in most of the analyzed vegetables exceeded the food safety limit in the Repulic of Macedonia, with the average levels of Cd and Pb being 10 and 2.3 times that of the maximum permissible level, respectively (Tables 4 and 5 , Figures 3 and 4) .
The monitoring of the content of Cd, Pb and Zn was more important in the washed sample for this study, because people usually eat washed fresh vegetables or prepared in meal. Thus, the content of Cd in washed garlic sample was in the range from 0.60 to 2.70 mg kg -1 , for Pb from 4.30 to 6.14 mg kg -1 and for Zn from 11.7 to 29.3 mg kg -1 (Table 4 , Figure 3 ) and the content of Cd in washed onion sample was in the range from 0.77 to 2.66 mg kg -1 , for Pb from 3.98 to 5,35 mg kg -1 and for Zn from 21.2 to 38,0 mg kg -1 (Table 4 , Figure 3 ). According to the water content in the analyzed vegetables, the contents in fresh samples were calculated ( Table 5 ). The content of these heavy metals in fresh garlic and onion samples (both unwashed and washed) were very high compared to the national limits (Table 5, Figure 4) . Thus, the content of Cd in the washed samples was in the range from 0.06 to 0.28 mg kg -1 (1.2-3 times higher than the permitted value), for Pb from 0.44 to 0.63 mg kg -1 (4.4-6.3 times over the limit) and for Zn from 1.19 to 3.05 mg kg -1 . It should also be emphasized the fact that the contents of these elements were not decreased significantly in the washed samples.
The obtained results from washed and unwashed samples of green garlic and green onion were compared with the maximum permissible levels according to the Macedonian regulations for food safety in fresh vegetables [20] . For the leafy vegetables the permitted level of Cd is 0.3 mg kg -1 (for dried samples) and 0.05 mg kg -1 (for fresh samples). The average content of Cd in the washed green garlic samples (0.17 mg kg -1 , calculated value for fresh samples) and in washed green onion samples (0.16 mg kg -1 ) was about 3 times higher than the permitted level (Table 5) . . We can note that the content of Pb in the washed samples of green garlic (0.58 mg kg -1 ) was 5.8 times higher while in the unwashed green garlic samples (0.54 mg kg -1 ) it was 5.4 times higher than the limit. The main source for this additional influence was the emission from the waste Pb-Zn-Cd smelter slag deposit situated in the near vicinity. Very similar results were obtained for green onion.
This results show that the local inhabitants are exposed to heavy metals contamination, as a result of consuming the vegetables that grow in the Veles area. These data for the presence of Cd and Pb even at very low concentration, warn of serious health effects on people [21] . Considering all these data it can be concluded that there are indications of serious health risks, caused by Cd and Pb in vegetables consumed by the population of Veles.
For the rest of the analyzed elements (Tables  3-5 ) it can be concluded that there was no statisti-cally significant correlation between their content in all washed and unwashed samples of green garlic and onion samples.
Extraction capacity of Cd, Pb and Zn
A major concern in this area is the fact that on such contaminated soils the local population is still cultivating vegetables. The pH of soil has a great role in the bio-availability of heavy metals. In the present study, the pH of the four examined soils ranged between 7.4 and 7.8. Different vegetable species have different cumulative capacities of heavy metals. Also, different heavy metals have different behavior and different enrichment capacities. With calculation of enrichment coefficients we may present the contamination in soil and vegetables around the Pb-Zn smelter.
The amount of heavy metals uptake by the vegetable samples depends on the presence of these elements in the garden soil, their solubility, physico-chemical properties of the soil, plant species and age, as well as on exposure time [22] . Different degrees of availability can be estimated depending on the extracting power of the reagent that is used.
For that reason, extraction for plant-available elements of soil samples were performed in H 2 O, 0.1 mol l -1 HCl and by buffered DTPA-CaCl 2 -TEA solutions. Extraction with water provides the information on the actual availability of elements from the soil solution. Extraction with acid reagents was often used to displace potentially available forms that were not easily extracted. Hydrochloric acid was used to extract some forms of Cu, Ni, Zn, Cd, Pb or Hg [23] . Extraction with mixed reagents was also widely used for selective solubilization by chelate formation, often in combination with other reagents acting by ion exchange, redox or acid action. The most widely used mixed reagents were used for the estimate of the extraction of trace elements with DTPA solution. This standard uses the reagent DTPA-CaCl 2 -TEA, which was also recommended for extraction of toxic metals.
The extraction level of Cd, Pb and Zn in H 2 O, 0.1 mol l -1 HCl and DTPA-CaCl 2 -TEA solution from the garden soils collected from the locations where vegetable species were taken are given in Figures 5-7 . From Figure 5 it can be seen that the most available element from all four garden soil samples in H 2 O extracts, was Zn. Thus, in the garden soil from the locations of Nos. 1 and 2, the amount of 0.2 mg kg -1 and 0.08 mg kg -1 of Zn was extracted which represented from 0.08 % to 0.12 % of the Zn present in the soil. Lower levels of Zn were extracted from the garden soils from the loca- This high extractability of Cd in the DTPA, explains the high amounts of this element in the vegetable samples.
CONCLUSION
The intensive uncontrolled processing of pollution in the past has resulted in the release of large amounts of heavy metals in the local environment, and caused high concentrations of metals to be present in the surrounding soils and water. Vegetables grown in the nearby sites were also contaminated with heavy metals, especially with Cd and Pb, which could be a potential health risk to local inhabitants. The pollution from the past now may act now as a source of pollution for the surrounding area, due to the extremely high concentrations of heavy metals in the affected soils. A long-term risk assessment needs to be carried out on the leach ability and migration potential of these toxic elements at the contaminated sites.
The aim of this study was to assess the influence of soil contamination caused by the 30 years work of the Pb-Zn smelter plant in the city of Veles, Republic of Macedonia, and its influence on the pollution with heavy metals of vegetables produced in this area. It was found that the levels of heavy metals in soils from the studied gardens exceeded the target values according to the Dutch standards. Thus the content of Cd was up to 10 times higher than the maximum permitted concentrations of Cd in the soils, the levels of Pb were about 2-3 times higher, indicating that the soils in this area are unsuitable for food production. The bioavailability of Cd was the highest in the extraction solutions of 0.1 mol l -1 HCl and DTPA-CaCl 2 -TEA, while in H 2 O the most extractable were Zn and Cd. The highest extraction capacity for Pb, Cd and Zn was distinguished in the extraction solution of DTPA-CaCl 2 -TEA. The order of heavy metals extractability from the analyzed garden soils in buffered DTPA solution was: Cd>Pb>Zn, for Cd<16 %, for Pb<10 % and for Zn<7.9 %. The obtained high extractability of these elements shows that if these elements are present in high content in the garden soils they can be easily accumulated in the vegetables cultivated on these soils.
Земјоделските површини кои се во близина на топилницата за олово и цинк "Злетово" во градот Велес, Република Македонија, се единствени површини за производство на зеленчук и овошје за жителите на градот Велес. Оваа област триесет години е изложена на загадување со тешки метали (Cd, Pb и Zn). Топилницата претставува главен извор на загадување на животната средина со тешки метали, вклучувајќи ги и земјоделските почви кои се користат за производство на зеленчук и овошје. Главна цел на ова испитување е да се определи нивото на загадување (посебно со Cd, Pb и Zn) во млад лук (Allium sativum) и млад кромид (Allium scallion) кои се произведени на загадените почви и да се определи нивото на акумулацијата на овие елементи во растенијата. По подготовката на примероците од зеленчук и почвата тие беа растворени и потоа анализирани со примена на атомска емисиона спектрометрија со индуктивно спрегната плазма (ИСП-АЕС). Притоа е определена содржината на 21 елемент (Ag, Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P, Pb, Sr, V и Zn). Утврдено е дека содржината на Cd, Pb и Zn во зеленчукот е над максимално дозволените граници според регулативата во Република Македонија. Содржината на Cd во измиените примероци од млад лук се движи од 0,60 до 2,70 mg kg -1 , на Pb од 4,30 до 6,14 mg kg -1 и на Zn од 11,7 до 29,9 mg kg -1 , додека содржините во миените примероци од млад кромид тие се движат од 0,77 до 2,66 mg kg -1 за Cd, од 3,98 до 5,35 mg kg -1 за Pb и од 21,2 до 38,0 mg kg -1 за Zn.
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